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ABSTRACT
We have measured the Raman spectra of several chemicals for 785-nm excitation using a Raman spectrometer with focal length of 500 mm, f-number of 6.5, and resolution of 2.0 ± 0.1 cm 
INTRODUCTION
The values of the absolute Raman cross sections σ R of solids, liquids, and gases are important for the science and technology of these materials. Values of the absolute σ R of relatively few materials have been reported. These include benzene [1, 2] , benzenethiol [3] , bis-2-chlorethyl sulfide (HD) [4] , carbon monoxide [5] , carbon dioxide [5] , diamond [6] [7] [8] , diisopropyl methylphosphonate (DIMP) [4] , dimethyl methylphosphonate (DMMP) [4] , ethyl dimethylphosphoramidocyanidate (GA) [4] , ethyl S-2-diisopropylamino ethylmethylphosphonothioate (VX) [4] , gallium phosphide [9, 10] , hydrogen sulfide [5] , isopropyl methylphosphonofluoridate (GB) [4] , nitrogen [5] , oxygen [5] , and silicon [11, 12] .
Here, we report the measurement of the absolute Raman cross sections of fourteen materials, which substantially expands the number of materials for which such measurements have been made. These are diethyl phthalate (DEP), dimethyl phthalate (DMP), ethyl cinnamate (EC), propylene carbonate (PC), 1,3-cyclohexanedione (CHD), 3'-aminoacetophenone (AAP), 3'-hydroxyacetophenone (HOAP), diethyl acetamidomalonate (DEAM), isovanillin (ISOV), lactide (DODO), 1 Meldrum's acid (MA), 1 p-tolyl sulfoxide (PTSO), tripropyl phosphate (TPP), and vanillin (VAN).
EXPERIMENTAL
A schematic of the optical setup for the measurement of Raman cross sections is shown in Figure 1 . The acronym PL is for pump laser. HWP is a half-wave plate for setting the polarization of the pump laser. BS is a beamsplitter for reflecting the pump laser beam towards the sample and for transmitting the backscattered Raman light. L1 is a lens for focusing the pump laser on the sample and for the collimation of the Raman scattered light. LWPFs are long-wave-pass filters for blocking the pump light. L2 is a lens for focusing the Raman light on the entrance slit of the Raman spectrometer (RS).
The pump laser is a 784.9-nm, 1400-mW cw single-mode (both transverse and longitudinal), linearly polarized Sacher Lasertechnik diode laser model SYS-420-0785-1400 (Sacher Lasertechnik, Marburg, Germany/Buena Park, California). The HWP is Edmund Optics part number 46-561 (Edmund Optics, Barrington, New Jersey). The BS is Semrock part number LPD01-785RS-25×36×1.1 with 803-1214 nm passband (Semrock, Rochester, New York). The lens L1 is a 12-mm-diameter, 20-mm-effectivefocal-length (EFL), near-infrared (NIR) achromat Edmund Optics part number 45-792. The long-wavepass filters are 25-mm-diameter Semrock part number LP02-785RE-25 with 790-1770 nm passband. The lens L2 is a 25-mm-diameter, 40-mm-EFL, NIR achromat Edmund Optics part number 45-801. The Raman spectrometer is a 500-mm-focal-length, f# 6.5, Princeton Instruments model SP-2556, which is equipped with the Princeton Instruments camera PIXIS 100BR (Princeton Instruments, Trenton, New Jersey). The grating in the spectrometer has 1200 grooves/mm. The blaze wavelength of the grating is 750 nm.
All the chemicals used in this work were purchased from Sigma-Aldrich. The values of the molecular mass M and density ρ of these materials are given in Table 1 . The values of ρ for the liquids are obtained from their Material Safety Data Sheets (MSDS). The values of ρ of the powders were deduced from the measured mass and volume contained in the near infrared (NIR) 1.0-mm path length optical cells, Spectrocell part no. R-4001-T (Spectrocell Inc., Oreland, Pennsylvania) with fused silica windows. 
THEORETICAL
The Raman cross section σ R (cm 2 ) of a Raman mode ν R is given by
where K is a constant that takes into account the transmittance of the L1 lens (93%) and the fused silica front window of the optical cell (96.5%) for the pump light and the Raman scattered light, and the transmittance of the beamsplitter (98%), four LWPFs (92%), and the L2 lens (93%) for the Raman scattered light. The value of K has been determined to be 0.68 ± 0.02. M (g/mol) is molecular mass, ρ (g/cm 3 ) is the density, N A is the Avogadro constant, N R is the number of Raman photons (s -1 . cm -1 . 
We neglect the effect of the elastic scattering of the pump light on the measurement of the Raman cross section. All the Raman spectra were measured using 100 mW of the pump power incident upon the lens L1. Each spectrum is the average of three scans for the 125 to 3200 cm -1 range, which consists of nine segments. Each segment is the average of 20 frames with each frame obtained with an integration time of 1.0 s. Thus, it takes 9 minutes for the acquisition of each spectrum. Using the 785-nm pump laser, the spectral resolution of the Raman spectrometer (FWHM) was determined to be 2.0 ± 0.1 cm 2). The accuracy of σ R for neat DEP, DMP, EC, PC, and TPP is estimated to be ±6%, which is due to the ±5%, ±3%, and ±1.0% uncertainty in the values of N R , K, and ρ, respectively. The values of the linewidth Γ (full width at half maximum) and σ R for neat DEP, DMP, EC, PC, and TPP are given in Table 2 . The large background in the Raman spectra of AAP and ISOV in Figures 8 and 11 , respectively, is most likely due to fluorescence. The values of N R were obtained after subtracting the background. The accuracy of σ R of the powders is estimated to be ±8%, which is due to the ±5%, ±3%, and ±5.0% uncertainty in the values of N R , K, and ρ, respectively. The effect of the elastic scattering of the pump beam, neglected in this work, may substantially decrease the estimated accuracy of σ R . Also, the values of σ R obtained in this work represent the lower bound because of the neglect of the elastic scattering of the pump beam. The values of Γ, N R , and σ R for CHD, AAP, HOAP, DEAM, ISOV, DODO, MA, PTSO, and VAN are given in Table 3 . Table 3 Values 
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